ABSTRACT Under normal conditions, fungi are ignored unless a disease/syndrome clinical signs are reported. The scientific communities are largely unaware of the roles fungi play in normal production parameters. Numerous preharvest interventions have demonstrated that beneficial bacteria can play a role in improving productions parameters; however, most researchers have ignored the impact that fungi may have on production. The goal of the present study was to record fungi recovered from commercial broiler and layer houses during production. Over 3,000 cecal samples were isolated using conventional culture methodology and over 890 samples were further characterized using an automated repetitive sequence-based PCR (rep-PCR) methodology. Eighty-eight different fungal and yeast species were identified, including Aspergillus spp., Penicillium spp., and Sporidiobolus spp, and 18 unknown genera were separated using rep-PCR. The results from the present study will provide a normal fungi background genera under commercial conditions and will be a stepping stone for investigating the impact of fungi on the gastrointestinal tract and on the health of poultry.
INTRODUCTION
Salmonella and Campylobacter continue to be the leading causes of foodborne illness. Billions of dollars have been spent on trying to control these pathogens, and a majority of the intervention strategies target the pathogenic bacteria within the GI tract. Many of these intervention strategies include the use of beneficial bacteria in the form of competitive exclusion or probiotics. These beneficial bacteria were ignored until the advantageous effects were observed by scientists such as Nurmi and co-workers (Nurmi et al., 1992) . Since this breakthrough research, other organisms such as yeast have been shown to have protective affects for controlling foodborne pathogens (Line et al., 1998) .
Fungi and yeasts are consistent members of animal microflora that are poorly understood in relation to the production of poultry. Fungi, like bacteria in the past, have been associated with the onset of disease. However, there is evidence that fungi can provide protective effects, much like the bacterial populations. The presence of these organisms in the gastrointestinal tract of cattle and pigs have been shown to play a role in the breakdown of fibrous plant material (Delavenne et al., 2011) . In addition, yeasts have been shown to stim-ulate the immune system and increase the resistance to known pathogens. Fungi and yeast populations, plus their interactions with bacteria within the gastrointestinal tract of poultry, remain under-studied. A better understanding of potentially beneficial fungi that could modulate immune responses under normal, stressed, and diseased conditions will provide useful data and potential alternatives to antibiotics.
One problem that arises with working with fungal populations is the ability to identify the different genera/species, because relatively few laboratories focus on these populations. One approach uses polymorphic DNA analysis and a restrictive endonuclease, which overcomes the drawbacks of using them individually (Lasker, 2002) . This approach called repetitivesequence-based PCR (rep-PCR) has been used in the past to identify fungi in a clinical setting, including Aspergillus, Fusarium, and Candida (Healy et al., 2004 (Healy et al., , 2005 Wise et al., 2007) . Furthermore, rep-PCR has been used to identify Salmonella serotypes in turkeys (Anderson et al., 2010) and provide rep-PCR profiles of Vibrio tapetis (Rodriguez et al., 2006) . However, no attempts have been made to understand the impact fungi have on health and production parameters. To understand the impact on these parameters, scientists must have a tool or data base that allows for the study of these organisms. Therefore, the goal of the present study was to record fungi recovered from commercial broiler and layer houses during production to develop a baseline of the fungal populations found in the ceca of poultry and to use an automated rep-PCR as a diagnostic tool for identifying those fungi.
MATERIALS AND METHODS
All methods used in this research were approved by Southern Plains Agricultural Research Center's Institutional Animal Care and Use Committee.
Birds
Twenty Ross × Ross broilers were sampled at each time point of 0, 18, 32, 46, and 62 d of age for 7 flocks for a total of 700 broiler ceca. A single pullet house was also sampled for recovery of fungal populations from pullet ceca. Forty Bovan White, Centurion laying pullets (Lexington, GA) were sampled at 0, 3, 7, 14, and 25 wk of age for a total of 200 pullet ceca sampled in the study. All birds were terminated by cervical dislocation at the selected time point and were necropsied. A cecum from each sampled bird was incised aseptically and placed in separate 15 × 23 cm filter Whirl-Pak (B01348WA; Fort Atkinson, WI) bags and transported on ice to our laboratory within 2 h.
Fungal Culture Methods
We tested over 3,000 fungal isolates recovered from a single commercial broiler house over a 2-y period and a single pullet layer house for 25 wk. Samples taken from the birds' ceca were evaluated for fungi and yeast. Bird cecal samples were diluted in peptone water (1:9; weight to mLs peptone water) and streaked onto potato dextrose (Benton Dickinson Co., Sparks, MD) and Dichloran-Rose Bengal-Chloramphenicol Agar (Benton Dickinson Co., Sparks, MD) and incubated at 25
• C for up to 12 d. Fungal and yeast colonies were separated by colony morphology and recorded. A representative colony was streaked onto Sabouraud Dextrose agar (Benton Dickinson Co., Sparks, MD) and allowed to incubate an additional 12 d at 25
• C.
DNA Extraction and Sequencing
The Genomic DNA of each sample was extracted by microbeads using the protocol of the MO BIO Ultra Clean Microbial DNA Isolation Kit (MO BIO Laboratory, Inc., Carlsbad, CA) according to the manufacture's recommendations. Following extraction, the DNA was measured spectrophotometrically and adjusted to 25 ng/μL (ND-1000, NanoDrop Technologies, Wilmington, DE), and confirmed by agarose gel electrophoresis then stored at −20
• C prior to amplification. All DNA samples were amplified using the Diversilab Mold Fingerprinting Kit (bioMerieux, Durham, NC). Briefly, the 50-μL reaction mixture contains 18 μL of rep-PCR MM1, 2.5 μL of geneAmp 10X PCR buffer, 2 μL of primer mix LL, 0.5 μL of amplitag DNA polymerase and 2 μL of DNA template. Amplification of DNA was subjected to a 35-cycle program: initial denaturation at 94
• C for 2 min, denaturing at 92
• C for 30 s; annealing at 50 • C for 30 s; and extension at 70
• C for 90 s. The final cycle was followed by an additional 3 min at 70
• C. One microliter of PCR amplicon was separated and visualized using the microfluidics labchips and analyzed with Agilent B 2100 Bioanalyzer (Agilent Technologies, CA). Species identification of the fungal isolates were confirmed by sequencing the ITS1-5.8S-ITS2 regions as described by White and co-workers (White et al., 1990) . Briefly, the ITS region was amplified using the ITS1 forward primer 5 -TCCGTAGGTCCTGCHG-3 and ITS4 reverse primer 5 -TCCTCCGCTTATTGATATGC-3 . Amplicons were purified using QIAquick PCR Purification Kit (Qiagen GmbH, Hilden, Germany). Samples were sent to Texas A&M University, Institute of Developmental and Molecular Biology, Gene Technologies Laboratory for sequencing on an ABI Prism 3130 Genetic Analyzer (Thermo Fisher Scientific, Waltham, MA).
Treatment of Sequences
GenBank/EMBL/DDBJ database searches for fulllength sequences were performed in National Center for Biotechnology Information (NCBI) on the Basic Local Alignment Search Tool (BLAST; (Altschul et al., 1990) , European Nucleotide Archive (ENA), and the DNA Data Bank of Japan. Species were confirmed with a 95% similarity with blast identified sequences. Rep-PCR dendrogram analysis was created using the DiversiLab software program (bioMerieux, Durham, NC), which was based on Unweighted Pair Group Method with Arithmetic Mean (UPGMA). Fungal samples that were still not identified by Rep-PCR or sequencing was sent to an international reference laboratory for clinical mycology (University of Texas Health Science Center at San Antonio, Fungal Testing Laboratory) for further analysis. Samples still unidentified were labeled Unknown with a separate number to denote different fingerprint patterns on the rep-PCR dendrogram.
RESULTS
Fungal isolates (3,000+) were recovered from bird ceca from a single commercial broiler house over 7 flocks and a single pullet layer house with over 890 fungal isolates that were further characterized by rep-PCR. Eighty-eight different fungal species were identified and 18 Unknown samples were characterized in the ceca. Aspergillus was the most frequently found genus (18.4%), followed by Penicillium (15.6%), Verticillium (6.2%), Sporidiobolus (5.2%), and a previous identified Uncultured fungus (5.0%; Table 1 ).
In the ceca, Aspergillus fumigatus was the most frequent species identified (10.6%) from the genus Aspergillus, followed by A. flavus, which was isolated in 5.4% of the samples (Table 2) . Besides these two species, others were also found among genus (Table 2) .
DISCUSSION
The Centers for Disease Control and Prevention continues to address multistate foodborne outbreaks that have impacted the health of the nation over the last 10 years. One area of concern was the reduction of Salmonella as a foodborne pathogen. Despite control efforts that cost over a half billion dollars annually, foodborne illnesses due to Salmonella continue to impact the consumer (Scharff, 2010) . Poultry are commonly identified as a major source of Salmonella. In 2013, the Foodborne Diseases Active Surveillance Network (Foodnet, 2000) collected data within the U.S. and found that Campylobacter and Salmonella accounted for over 72% of the confirmed foodborne disease cases, and cost U.S. residents $1.9 and $3.6 billion annually, respectively (CDC, 2009; Scharff, 2010; Crim et al., 2014; Hoffmann et al., 2015) . Clearly, efforts to elucidate and implement new and existing methods for control are well justified by the economic cost alone to control Salmonella, Campylobacter, and other foodborne pathogens.
Fungi are an important part of the environmental microflora and occur in various substrates in a poultry facility, including litter, water, feces, decaying organic material, rodents, etc. (Bacon and Burdick, 1977) . Their widespread distribution is generally considered to contribute to a healthy ecosystem. Considering the relatively constant temperature and humidity, poultry facilities are an excellent location for the growth of both fungi and bacteria. Within this environment, bacteria and fungi interact by competing for nutrients, and binding sites, which can suppress the growth of other organisms (Bacon, 1986; Hogan and Kolter, 2006) . However, fungi and bacteria have a symbiotic relationship that allows these organisms to thrive. This relationship has been shown to stimulate the host's immune system (Gao et al., 2009) . Interactions between animals and microflora are ubiquitous. Although the pathogenic and symbiotic relationships bacteria have with plants and animals have garnered the most attention, the fungal/bacterial encounters are far more likely to occur.
Little attention has been given to the beneficial effects of fungi (and particularly various yeasts) with regard to food safety and especially with the gastrointestinal tracts of food-producing animals. In cattle, fungi assist in the breakdown of fibrous plant material so the nutrients can be further digested (Edwards et al., 2008) . While in most food-producing species, including poultry, yeasts have been added to the diets to stimulate the immune system (Zhang et al., 2005; Urubschurov et al., 2008) . For example, Candida has been shown to bind to numerous pathogens, including Enterobacter, Pseudomonas, Klebsiella, and Salmonella. The binding of these pathogens by this yeast may stimulate the immune system and therefore reduce the pathogen. However, Salmonella and Pseudomonas have been shown to react to Candida by suppressing its growth (Hogan and Kolter, 2002; Tampakakis et al., 2009 ). Another yeast, Saccharomyces, has been shown to improve growth performance, meat quality, and immune function in broilers challenged with a protozoan (Foodnet, 2000; Gao (Gao et al., 2009) . The bacterial-fungal interaction has not been thoroughly investigated within the gastrointestinal tract of poultry. By identifying beneficial fungi, we may be able to utilize these organisms with or without bacteria as probiotics to reduce the spread of foodborne pathogens such as Salmonella and Campylobacter species. A deeper understanding of bacterial-fungal interactions may provide a new perspective of the role of the virulence associated with foodborne pathogens and may lead to the discovery of interventions to control these pathogens.
Most of the previous research investigating fungi populations in poultry was related to fungi found in the litter (Bacon, 1986; Viegas et al., 2012; Wadud et al., 2012) or on the comb of the chicken (Grunder et al., 2005) . Other studies in Europe found similar results with the most frequently isolated fungal species found in poultry farms were Penicillium sp., Fusarium sp., Aspergillus sp., Mucor sp., Rhyzopus sp., and Scopulariopsis sp. (Rimac et al., 2010) . These were airborne fungi found on the poultry farms that were associated with allergies and other fungal diseases. Although these investigations did not evaluate fungi found in the gastrointestinal tract of birds, it does provide an insight into what populations could be taken into the birds that may impact the colonization of the gastrointestinal tract or what fungal populations are passing through the gastrointestinal tract of chickens (Kotimaa et al., 1991) .
Penicillium and Aspergillus isolates are the isolates most frequently recovered in new or aged litter (Viegas et al., 2012) . This is in agreement with our present study with the fungal isolates found the ceca of chickens. Numerous fungi were recovered from poultry have been identified as non-pathogenic and may play a role in the microbial ecosystem. These bacteria and fungi interact within the bird to cause diseases and may be beneficial as well.
What role do these fungi play in the gastrointestinal tract? As mentioned previous, these populations may simply pass through the gastrointestinal tract but are known to interact with host (Gao et al., 2009) . The most frequently isolated genera, Penicillium, is widespread and are found in soil, decaying vegetation, and the air (Fisher and Cook, 1998) . Penicillium are occasional causes of infections in humans or animals, and the resulting disease is known generically as penicilliosis. Most Penicillium infections are encountered in immunosuppressed hosts. Penicillium can produce a mycotoxin, ochratoxin A, which is nephrotoxic and carcinogenic. The production of the toxin usually occurs in improperly stored grains (Pitt, 2000) . Penicillium is the species that changed the way physicians treat bacterial infection because of the discovery of penicillin antibiotic (American Chemical Society, 1999) . In addition, Penicillium produces products that aid in the breakdown of plant products and therefore may aid in digestion (Fisher and Cook, 1998) .
Verticillium is a widely distributed filamentous fungus that inhabits decaying vegetation and soil. Some Verticillium species may be pathogenic to arthropods, plants, and other fungi. It is commonly considered as a contaminant and may rarely causes human or animal diseases. Similar to Penicillium, Verticillium products aid in the breakdown of plant products and therefore may contribute to the breakdown of plant products (Fisher and Cook, 1998) .
Aspergillus has been reported to contain over 167 species. Typically, Aspergillus is thought to be outside the normal gut flora but of the genus's numerous species, only 16 have been found to cause disease (Fisher and Cook, 1998) . Normally, only those with a weakened immune system are affected. Aspergillus are well known to play a role in 3 different clinical settings: 1) opportunistic infections; 2) allergic states; and 3) toxicoses. Immunosuppression is the major factor predisposing to development of opportunistic infections (Ho and Yuen, 2000) . Of all filamentous fungi, Aspergillus is the most common isolated fungus recovered in invasive infections and is the second most common fungus after Candida recovered in the group of opportunistic mycoses (Baumgardner, 2012) . In birds, acute aspergillosis is characterized by high mortality and morbidity in young birds. Chronic aspergillosis usually occurs in adult flocks. There is a low incidence in adults but high economic losses when these birds are infected (Chute and Richard, 1991) . Contaminated poultry litter is often the source of the Aspergillus (Dyar et al., 1984) .
One other fungus of interest in this study was the identification of the Uncultured fungus clone B5F31 (GU073031), which was detected at 5.8% of the isolates evaluated. This isolate has been previously found in cow's milk through sequencing (Delavenne et al., 2011) . This was first time that this isolate has been found in the gastrointestinal tract of animals.
Most of investigations of fungi focus on the environment and on species involved in the breakdown of wood or found in the soil. Fungi are also known for their ability to produce antibiotics and compete with bacteria or other fungi. Fungi can also produce other compounds such as enzymes, peptides, depsipetides, siderophores, and peptiaibiotics, which could contribute to digestion or stimulation of the immune system (Bills et al., 2014) . With the increase use of enzymes such as phytases, could fungal enzymes improve production parameters in food animals in a similar manner? As genomic sequencing continues to progress, new discoveries for using fungal peptides could lead to the development in pathway predictions, activation, and pathway engineering (Bills et al., 2014) . These fungal products help the fungi break up biofilms and allow the host's defenses, with or without added antibiotics, to attack pathogens and block quorum sensing (Stewart and Costerton, 2001; Estrela and Abraham, 2016) .
Most fungi recovered from the poultry are nonpathogenic. The goal of present study was to collect normal background fungi from poultry for future investigations. These investigations will allow our laboratory to compare changes in bacteria and fungi profiles during normal production and during disease outbreaks. The present study is a stepping stone to investi-gating the impact of fungi on the gastrointestinal tract and the health of poultry.
